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EVALUATING THE PERFORMANCE OF PASSIVE-SOLAR-HEATEDBUILDINPS*

by
I “ .“’’’’’”’1

ABSTRACT

Methods of evaluating the thermal
passive-solarbuildings are reviewed.

I
,,,

J. Douglas Balcomb ,.

Los Alamos Natfonal Laboratory
~,’,,,. I

Los Alamos, New

performance or’
Instrumenta-

tion and data logging requirements are o~t.lined.
Various methodologies that have been used to develop
an energy balance for the building and various per.
formance measures are discussed. Methods for quanti-
fying comfort are described. Subsystem and other
special-purposemonitoring are briefly reviewed.
Summary results are given for 38 buildings that have
been monitored.

INTRODUCTION

Beqfnning with the great upsurge of fnterest in
passive solar buildings, which s.arted in about 1975,
obtaining performance data on actual buildings became
a subject of great interest to the research consnuni-
ty, the design consnunity,and government program
managers. The first monitoring of whfch we are aware
was done b.yCalifornia Polytechnic State University
on a roof pond house fn Atascadero, California (1),
Then, as now, the monitoring lent credibility to per-
formance claims and provided valuable feedback to
designers and analysts alike. Other early evalua-
tions include t,heWallasey School in England (2) and
the Trunbc-Mfchel house fn France (3).

Sfrce 1’?75there have been a large number of
individual passive solar buildings monitored and
results reported. Approache\ h?~e varfed w{de,y,
ranqfng from the large-samplemonitoring donr under
the class C program, whfch relies on utility 0111
data, weother s?ation data, rough buflding fiimen-
sfons, and o.cupan! interviews, wfthout use of moni-
toring instrumentation,to the incredibly dctailecl
monitoring of ‘hc Class A pro~ram, where virtually
everything of po:sible interest is measured,

Thfs paper focuses on monftor!ng bassvion ln-
strumontod ~fatao Wr ,n#kono attempt to ccmprchcn-
sivcly rrvfew ,11 monitored buflrtfngsbut instead to
concontr’otcon the results and procdures of three
spociffc ~fforls under whfch srvrral hufldings have
bcon fSl(JflitOrd, Iho plirp(os~f5 t.ods!scrfhethr
vfir!ousapproach~~st,akonto monft.oringand, at the
samo time, to rrv;rw enough buildings to give a
,lt.titi,~?;:l~t~ronf +ho porforrnancrlQVO~S h~ing
fi(’hi(~vcvi,The efforts roviowrrtlrr th~ iuiluwil,y,

It}<Alamos Nntfonal l.hborato.ry
Much of thr oa:ly mm{i,oiing work wa5 done hy

10! hldmo~ in )\ different passivo solar hu{ld{ngs,
tnoItlv{n northorn Nr+vMrxfro (4), Rwfiuse o; the
hlqh cost of monltrring findIfmitcd av~ilahlc rc.
\(NIrrr~,much of thfs monttorinq focusorlon <poriffr
p,l\<lvl.solar olomontt. [lot~llrvlen~~rgybalanc~s
wero pr’rformodon only four of the huilrtfn$,

f
Evrn

Irl th~$o rtudios, tttc approarh taken was s lqhtly
(llff’’l’~ntIn CRCI1casr, tailorwf to the informffon
,Ivallohlo findthr particular <ft.uotion. Thfs work
wflsv,tlufihlopvlmnr(ly hn(aufo it providod dn rarl,y
infl{~,!t{onthfitpfit$ivpsolar hufldlng$ can work vt$ry

●Wnrk performdd undtr m aus;~irrsof tho US I)cpartmjnt

wel1, qavj sow specific and unique information on
se~era, passfve solar elements, and provided case
Ilfstorfesof a variety of different monitoring
approaches.

Natio~J Solar Data Network (WSDN)
~ was originally set up under the federal

government program for monitoring /ctive solar sys-
tems and was later expanded to fnc’ude a few passive
solar buildings. Infomatiotl fr~m an average of 90
sensors at each site is collected at a central
evaluation facility by means of a telephone dfal-up
system. The analysis methodology was developed by
the Na’tfonalBureau of Standards and later reffned by
the system contractor, Vitro Laboratories. A very
thorough and ds?tafledcomparative evaluation has been
made of 11 passfve solar bufldfngs covered hy this
network for the 1980-81 heating season (5).

Class 8—--
~-fs is the intermediate of three different

monitoring efforts set up specfficall.yfor the
passive solar program through the Solar Energy
Research Institute (SERI) (6). Data from an average
of about 20 sensors are fed tc a microprocessor wher~
performance measures are calcul~ted on line and
information is recorded locally on cassette tape,
Although performance indices csn be monitored local-
ly, the bulk of the evaluation is don~ at SERI after
the tapes have heen collected and the data fed into a
centrdl computer system. Results from this program
have just recently-become avaflable:
review results from the 1981-8? heat
buildings in Denver (7) and an dtidft
ings in other parts of the US,

INSTRUMENTATIONAND DATA RECORDING

Instrumentationused for uassivl

in thfs’paper wc
ng season for 17
onal 1? build-

solar monitor-
ing is relatively straight,forwed, Accuracy require
ments are not especially hfgh to that small, Inoxprn
sfvc, and convenient sensors can ho used, such as
thcrmocouplrs or solld state tcrnporaturcprnhns, T~n
or twrnty tampor~ture measursvnrntsare o~tfm suffi-
cient to give an indication of tcmp~raturo variations
fn variou< parts of the building and (Jutsidr, Air
t~mp~raturo, ~re nsrasurvdwith shi~lrtodprobes, and
~~~hn t~mppratllroiS ‘1s0 sonwtimrs rocorctcd,
Pyranometers are IIsodtO measorc solar radiation.
u.sunllyin the plons$of the glazing And sometlmrs
horizontal or behind the gllting. ~lrrtricitlpow!’
is usuRll,yd~torinind with watl-hollrnwtt~rsor hy
nwasurlnq line voltagr and currtnt using clip-on
I,fitcrs, S@p6rate accounttnq fs usunl!y mfidrfor
spfi(,I~hmsting, hot watrr h~atlng, @nrtt,otfllolectrlr
consumption, Fuel.firmf hoatprs aro cfilibretedand
on-t.fmr ts nxmsuroft, othor mrasurfvnrnt.smay i,tclurfr
wind vrlorlty findrrlat[vo humi[ifty, Status records
ar~ kept for mt?vfihloinsuliitfonantiothrr @lmrnt!.

Althou@, ~trfp chart rocordcrs hnvr been used,
norm~l prnt”t,fce tottfiyis to rely on automatic dfgital
srfinninqfindrocord,q oquipmrnto Datflfrom freql,wnt

mcrnmuilnll[H 1111:1Iilli.lllllII
II



scans my be integratedand recorded at fntervals
ranging from 15 minutes to 1 hour.

DIFFICULT MEASUREMENTS

Some energy flows fn passive buildings are
difficult to estimate, as outlined below.

Energy Loss by Evaporation
Bufldfng energw lossby evaporation attributable

t.opeople, c~kfng~- showers-,and”other normal activi-
ties is usually fairly small. However, fn smne pas-
sive solar bufldings this loss Is fncreased signifi-
cantly by transpir?.tionof water from plants, as
might occllrin a situatfon where a sunspace is used
as a greenhouse. Thfs may well fncrease the relatfve
Ihumfdityin the house from the 10-20% level typfcal
In winter to a more comfortable 40-60% level, Some
of the energy associated wfth this ev~poratfon may be
recyrlerlby condensation on the windows, but even
:hi~ fs probably re-evaporated. The energy loss due
“:(,evaporation can be measured indirectly knowing the
nsirteand outsfde absolute humidities and the rate

(Ifair fnfiltra+.ion. In the case of the Balcomb
IIOUSP,we found that the transpiration rate so calcu-
‘ateriwas reasonably well corr~:laterlwfth sunspace
‘temperature(8). The total energy associated wfth
(evaporationwas estfmated at El%of the bulldfng load,
far from negligible.

koorfhurnfn~Stoves
“fi-b”st$s_tC_v@ZTareoften user!fn passfve solar

tuilrtings,and ft wc,uldhe fmproper and unnecessary
io arbitrarily elimfnate such bufldfngs from monitor-
ing, Efffc{encics of woodburnfng <toves, as nvasurerl
in many laboratory tests, vary no more wfdely thitn
cthor fuel-burnfng appliances and are generally fn
thp r ]ge of 50-657, A reasonable approach to moni-
toring thr output of woodburn{ng st.ovpsfs to m~asurc
(1.,urfac~twnperaturoof the stove and to correlate
this to tho snorqy output, mcasur~d over “ p~ri,wiof
rontrollrviburn fn whfch the total wefght of wood
cnn:,umcfii< measur~l!, K hav~ found that t.h~st,ov~
rutput 1; rcasonohly proportional to thr rllffcrcncc
f~otwl~rr,n st,ovrsurfacf)t~mprrfiturrand the room
!Illlporiltur(l.

A moro comprchonsfve approach wns taken h,y
fnwlkr$ ({J].WO moflsurodwood consumption, isfrflow
r[ltf$,and fluo tprnpf)rature$and was flhlcto obt,afn
{Irlor[ur(lt(lTt{lvocalfbratforl.

Uoofihurningffrrplacos arc quite a rtfffrrswt
Imfltfcr,fffirionrf(~sv~rv wlrfoly,hnifft fs probahl,y
nnt p!nrtfr~l {n n normal monftc,r{nqprogram to mnko
{I rf~osonnblt, o:rtfmetr of the flrcplflce cent.ltbutlon,

“f a flroplacp 1$ pro$pnt, it is pruilrnt to mhko n
:rvmporaturome,lsoromontIn tho vlcln!t,yt.ortrt[trmlno
whPthrr or not tho flroplfirphns horn u$rrt, Thi%
lnf(l!tn~l{onfnfiy ho IIspflil In oxplntrltnq flnmfll ~P:,

PotlpltiII(J,lI
Ilolt fl’(ntl prwpll$ !$ typf( !Ily 10 ;’()?Of ttll~ III

tI$r II,:l q,lttl,, 011(1 (I; normally f~~, ttnlfltwl with ~uffl
( ll~llt ,1, , 111,1, , Il,l,,l,!l ,111 ;Vl!l, ;ll ,1, ,1111,11),y 11,111,~1(1.,,

Heat Losses to the Ground
ltlese energy exchanges are very difficult to

determine. Probably the most useful estimates can be
made by massurfng temperature gradfents fn concrete
walls or floors adjacent to the earth.

Heat Storage In Bufldfng Mai,erials
Ttlis!sa transient effect and ft fs not neces-

sary to evaluate ft ff only long-term results are
desired. However, a thorough rmnftorfng wfll seek to
determfne the effectiveness and tfrneduration of heat
storage in varfous mss elements fn the buildfng
(10). Thfs can be done by measurfng the temperatur~
histories of the various materfals. Accurate esti-
mates of heat fluxes can be made based on tempera-
tures measured at three depths withfn the material
usfng the dfffusfon equatfon (11). ?he major diffi-
culty wfth these measurements fs that a large number
of temperature measlJrernentsnwst be made to obtain a
comprehensive pfcture.

ENERGY BALANCE METHODOLOGY

Determinfn the Heat Loss Coefficient
‘“-’~e~ -mnlfor~fis~<-a$,sunws that
bufldfng losses can be characterized by a heat loss
coefficient: the product of thfs heat loss coeffi-
cient tfmes the flsfde/outside temperature difference
yfelds the rate of heat loss from the buildir,g, This
heat loss coefficient can be calculated by conven-
tional methods using handbook values or manufac-
turer’s data for the conduction coefficients of the
various buflding exterfor surface elements and the
area of each element. The bfggest unknown fn this
proces$ is determining the rate of &fr infflt.ration,

It fs strongly rccormnendedthat th~ heat loss
coefficient shoulrtbe measured rather than relyfng
solely on calculated values. The procertur~used by
tho Clas$ 1?program is to perform a one tlrnecohcat-
ing t.pstof the hufldfng rturingwhfch in,irletcmprra-
turcs arc held constant usfnq electrfc hfltcrs and
all solar gains are defeated hy covcrfng the win-
(IOWS, The heat 10SS coofffcient can thrn br ricter-
minod hy dfvfding thr measured ~norgy fnl,utby the
Integral of tho fnsfrto/out$fdetemprratulr d{ffcrcnco
nvrr a tfnw interval during whfch thr trmpcraturcs of
brat storfnq mat~rfals in the huflrifngare hold con-
stnnt.

Tho procrdurp usivfb,yFowlkflsiinrtll~lromhwar to
rietcrmlnotho h~~atloss cocfffc{t$ntov~r a prriod of
a week [)t’mote accounting rxplicftly for thr ;olar
gafns. Fowlko\ rneasurcdthe $olar gafns usfrigh
pyrflnornrt.orlocakod hchfn$ the gli]zfng(Q). flalcomh
and Herlstromcalculated tho solar qains through rach
of the six gla?fnq ori~ntatlnns in thr hut”ldinqhas~d
on tho nwasurmf horizontal solar r,ldiotlon(1?]. Thr
pror~durc (nvolvod sopnratfrlflthr folfirrariffitlon
fnt,odirm-t and fiiffusranrtdotorminin!~tho tot{ll
solor gnln as the sum of calculfi+oddfffuso, rrflc{
ted, find rifrortcomporlont%OS 0 funt’tlonof tho flnqlr,
of Inr{donrr, ny u~inq a lrinqnwoturomcnt pO!’forl,
the r)ffrwt of heat storaqo In tho hullrfin!Irdn ht,
rntntmizmd.nlthnuqh thl! wfisa,rount,ttiin a first
ord{~rway hasccion rd!servrvl(i{fforon~~s rf tho ma f(~t,
n~k’,t~mporaturps from iilf~ ))oqfnrlinq to thf$ fwd of

the nwaqurtvnrtnt pot foff,
ThII r18t; IIs,y%tfwr ULPR o (mo t{mf+ nw,t~;urww,rjt

of tho olr lpfikaq(, oroa of thP tIuildt II! I IIV Irwant of n
I}lnwordnnr to~t’;th~$fnf{ltrntfnrlIof<oq arr~t?on
\al{ulaf~d usln( fhr ln$f(lt$/nutsldOtofrlporaturot!~f

‘itOt’0111’P find wtn( Vplo(ity a(~orrl{no” tr) tf~[tlrltqll~.+
(lov~’iv Il I)y thv I QWrI$II(O Ilor,k($lpy N,lt{oll~l [ att(ll,~
tory , ltlo re$ult< of tho rohf~,lttfl(ltpstarf~then
U< I*II to dotoml{nf, tho [’r)t)dll(. tlon ~N)rt Ion of ttlo heat
Ir)q< ((wftl, tpntl [II nx).,t (4c;os, mf,fl,,llrf$r~ value% 0(
hf*Rtlots(’~)f,tflt~I*tlftq!rt~)oflqrlrldl~ly well (+ 20?. )
Nltll !Nl(llldll,ll \,lll l\,,,,



Use of the Energy Balante—.
In almost all monitoring evaluation, it is

assumed that an energy balance must be achieved.
This means that the sum of all energy sources minus
losses must equal the heat stored in the building
within the time period. The most cofmnonpractice,
adopted by both the NSDN and Class B, is to use an
energy balance to infer solar gains. Using this
procedure, solar radiation into the building is not
measured directly but is determined by subtraction,
knowing all other eneru terms. This is a sc+newhat
questionable procedure because it means that errors
made in determining the heir?loss of the building
trafisla+~dfrcctly into errors in calculated solar
gains.

If the subtractive method is used, it must L?
realized that the energy term that is calculated is
actually an energy residual and accounts for the net
ef:ect of both solar gains and any losses over and
move those associated with the measured heat 10SS
coefficient, The most significant unaccounted effect
is the energy released from the building by inten-
tional venting. This effect can be significant.
Vented energy was determined in the Balccxnbhouse
using a subtractive technique in which solar gains
and evaporation losses were estimated using the pro-
cedures outlined above, The magnitude of venting was
fouildto be small during the midwinter months of
December, January, and February, but accounted for
11% of the total energy loss of the house over ttse
6-month perfod from November through April (12).
Failure to account for this vented energy, whfch is
essentially unmeasurable by any direct means, does
not tend to hfas tfiefinal results as regards the
overall performance of the building, but may signifi-
cantly alt~r “Interpretationof the collection effi-
ciency of th$ solar glazing.

Our r~conznendationis that solar gains sh~uld he
determined directly rather than by subtraction, using
a combination of measurement and analysis to detar-
mlnc the total solar gains transmitted through all
wfndows. This may require the measurwnent of solar
radiation {n more than onc plane to obtain sufficient
accuracy.

PFRFORMANf’[MEASURFS

Fach of’the calculated onerqy terms is usually
fnt.rgrirterlover pcrio,!sof 1 day, 1 month, pnd thr
soasrm, The major categories ap~ auxiliarv heat,
total building load, storsd energy, Int.,llalgains,
mcclsurortor lnf~rrwl solar gains, and other energy
qllnntitfe$that may he determfnsviin a particular
Sltufrtlon,

Quito a variety of p~rfurmancd m?asur~s hsvo
hf-rnrirvcloprriby var-fousEvaluation ,Jroui)s,a,ldonv
must ho careful to not,~the exect rtcffnitfrmof
tl~rms, Thr pprfnrmancr of a buflrtinqri~pcnrtson the
worI?hcr, thr hulllinrjrtosfqn,anrtthr manner tn whfc;l
tho huildinq is op~rated. It fs very ft{fficultto
s~par,lfothose throc ~ffect.s so as to single c’lt.
fn(urmat{on on tho offwtivoncss of the huilriino
f~r”!fqrl,

Th~~m:)$t %tmpln and straightforward p~rformm(:e
11111,I$UVC {S tho amo{lntof I,llxllfarythat {s used,
rhi< mn~surr is nftcn nornfilizmito the hcnttn~
drqrvr rlay$ rt(lrinrj tl}f3 m~asurement p~rid to pro. irto
n ffrit -order corrrctlon for cl{matc, This ~roco-
durP , f (’OUI’W, rlorIs not ive any weight to tho fact

7th,lt otlr l)ullrilnq mav r(ce VP consid~rthly morr SU*I
!Ila!l II Ilothor, that ono ,)ccupmstmay rnaint,afnth~
in’.fd,~trmpcrnturp at I, hfgt!or lPVO1 thisnanoth~r. or
tllfiton octllp,vltmight fncrorrseh~at Ios$os hy dn
flnrdlnfitt~ numl,tlv nf flnnr nr wfndnw opentnrjs.

Perhaps the most comprehensive study of various
performance measures has been made by the NSDN in a
comparative analysis of the performance of 11 passive
solar nested buildings (5). Many different ways of
comparing the res!lltsare explored, including differ-
ent wc,ysof normalizing the auxiliary heat require-
ments. Although useful, none of these approaches can
fully remove the effects of weather or occupants.

It is recocsnendedthat in reporting the data at
least the following quantities be given.

Load Coefficient
he heat loss of the building per unit

of inside/outsifletemperature difference; it is often
normalized w :he building floor area. It provides
an indication of how ‘wellconservation has been im-
plemented in the design.

v 1s 1s the product of the b~ilding load coeffi-
cient times the act~’aldegree hours for the evalua-
tion period. It gives a direct indication of the
enr=rqvrequirement of the ouilding. It is also
instructive to determ!ne a useful building load
defined as the en~rgy requi== maintain buflding
temperatures at the thermostat setpoint. Energy that
h~ats the 5uflding above the thermostat St?tpOint iS

not colinted. Some degree of overheating may be wel-
co~ by the buildlng occupants, although a major
amount would be viewed as a liability: irIany c~se,
this excess energy is not required and th’!sdoes not
add to energy savings.

Intern,!lHeat
‘—~~all energy from lights, applianc~s,
oeople, and equipment other tilanintentional backup
heating,

Auxilisrv Heat—.
7! s~~crhaps the most critical performance

twasure. It is useful to normalize it to the builfi-
ing ftoor area nnd also to the heating degree days,
calculated for the actual conditions at the site.

Average Inside Temperatures—. ...—.—. - .-—-_—.

Averagp Dutsfde TomperaturP. ... .. ....--------- ....—..

~lar Rarlfation
l’hZ-fiiFaT’solarradiation fncident on the col-

lection glazing is Jseful t’ornormalizing tho sol,~r
gains and solar savffsgs.

Solar Gains-.—..
~“fi’quantfty is determined either by the sub.

tractive method or preferably by measurement and
analysts.

Solar Savin~s—
Thfs”Ts”the useful !uflding load mfnus the ‘n-

t~rnal gains (assured to ha Ilsoful)mfnus tho auxil
far’yheat, TIIisix pr~sumahly the artrlftfonalauxfl-
fary heat that would have been requir~d fn tne ats-
sllnceof solar gains. It Is useful to normalize thfs
quantity for thr scasor to tho gltizlngarea and also
t(-normalize it hy t,betotal incirionts~lar radfatfon
to rietermfni,a useful effici~ncy.

Th? ahovc list r-loosriotInr-lurlpissolar frac-
ti(!l. Solar fractions ar~ not of primary ;nt.crest
bot are wsunlly reportcrtanyway. They ar@ uspful in
g{vtng an fn~i{cationof tbr proportion of thr total
buflritnpload that fs supplf?d by solar ghins.

Tho pr~swsco of tho jolrlrglazfny increase< t.ho
huil$lnq loartcorff{cient and thus the huflr!ing



load. It is very useful “inreporting res~’ltsto dis-
tinguish whfch portfons of the buildfng loal are
associated wfth solar glazing and which are not. If
these lnsses are subtracted frwn the useful building
1oad, possfble to determfne a more meaningful
compari 1oad. In the terminology of Ref. 13 this
measure ;alled a net bufldfng load as ‘~stfnct
from the , ss building load, which fncludes tosses
through the solar glazing. The solar glazfng load
can be deter rlnedfrom the integral of the measured
inside/outsid temperature difference and the loss
coefficient of the glazing system. If movable insu-
lation is usec it is important to know the actual
schedule and to estimate the effectfve loss coeffi-
cient of the glazfng system wfth the movable insula-
tion in place. Thfs amount may be less than the
predicted value, as was observed by Fowlkes,

Thermal CornfortIssue~-.—
_lKc_a_~;=—Xn-o~~~iveaf passive solar heating is

to provide thermal ccxnfort,it fs important to report
the extent to whfch thfs has been acccxnplished.
Th~rmal comfort is normally treated very superficial-
ly in performance evaluations. A very useful method
of displaying thfs information fs shown in Fig. 1.
With indicates the frequency distributionof tenrper-
atures measured in a particular locatfon fdentffierl
by day and nighttime intervals. A useful corollary
is to calculate the discomfort Index for thfs sarrx?

measurement as suggested by Carroll (14). This index is
determined in a manner so as to be roughly propor-
tional to human discomfort. tfeasurementsshould be
marloand reported for each .hermally distinct zone of
(he building.
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One example fs the evaluation of the Trombe wall
fn the Hunn residence (15). By measuring t..empera-
tures ‘inthe wall and solar radiatfon, ft was possf-
ble ta calculate heat fluxes Into and out of the wall
and to determine the overall wal? efficiency. The
results are shown in Fig. 2, This type of informa-
tion is very useful in determining how improvements
in performancemay be made by identifying the major
losses. Subsequently, an overall energy balance of
the buildfng was also developed.

Component monitoring can also be done fn test
rooms (16). The advantage fs that the overall energy
production of the compone;l+.can be checked; the ac-
curacy obtained fs usually greater.

OVERVIEW OF SOME RESULTS

SOme results from 38 monftored buildings are
gfven in Fig 3. Buflding descriptions are outlined
in Table 1. Because we cannot hope to provide a com-
prehen~ive review in this short paper, the reader
should consult source documents for more informa-
tion. The parameter plotted in Ffg. 3 is energy,
normalized by dividing by the building floor area and
by the actll,ilheating degree days, The total length
of the bar from top to bottom is s measure of the
total heat loss coefficient. The bufldings are
arbitrarily rank ordered according to auxilfary
energy (the black portion of the bar above the zero
line). The wkfte portion shows the solar energy
contribution, determfnerlby the subtractive method,
Internal heat is the black portion of the bar below
the zero lfne, Four buildings were unoccupied, as
noted, Harrop had the thermostat set back so that it
cannot be fafrly compared with the others, although
it fs clearly a good perf)rmer. Insufficient infor-
mation was available for most of the buflrtingsto
$stermine useful loads, solar savings, and thermal
comfort.

CONCLIISIONS

The picture that emrges from nrorritoriugand
evaluation ‘lead<to the following conclusions:

@

●

Q

e

o

0

Buflding heat loari oefficients in th? range of
$0.83 t 1,53 U/oC m (3,5 to 6,5 13tu/07

9day ft ) nre routinely achirvcri,although
much larger values are otrs~rvedfor a few
bufldfngs, The results unrierlincthr
importance of gooliconservation practfce.

ALxiliary heat ng requirements as low as 0,?4
to 048 N/W J~ in sunny climates (1 to ?
fltu/(V’day ft ) are quite achirvahlc,
Values of 1-1/? tlmrs thcsr levels are qulto
rout.{nclyochieveri.

CorJdoverall pprforfnanrofs not esporially
correlated with climate, althouqh th~re is SOIW
\@nricncyfor the solar porformanre to hrIhottf,r
in sunny climates

Il!ternalbrat varies widely and in SOMC Iasos

Makr( a ma,ior c{lrl;rihut{n.

Solar fr~ctforlsof 507 or grcntcr aro oftmn
ac,llrvrr!,In sornrcases, notably t{t.eNtA,
!iit~,MAN, S{tc MAC, findModonn, the snlrir
prrformonrr is flllusor,yh~rflil$o1OSS(ISfrom thl’
qlfl?fngprol)nhlyequal or Pxcco(i sol, tr g~ins,
It is ostlmotcd thfltthr sol,:rsnvin!~<vxcoods
‘;0’1,of th{,rlrt loflrl in 1 t ()( tho 30 I)u1 !ditlg~.

(]thor h(wofit~ \hmIII! ~iso hr consldorvdo For
oxampll, t)~,!dayl{gtltln~ t)cnc(it {n tt)~ Taos
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State Oifice Buildfng reduces the need for
artificial lfghtfng by at least 60%. This
explains the moderate internal heat observed,
which Is very low for an office.

Proper sfte selection and passfve collector
orientation are very important to good
performance. Scme systems demonstrating the
worst performance are those that are sfted
incorrectly.

Mo#able insulation can notably improve
performance and is especially valuable in
colder climates. However, if manually operated
movable insulation Is used, It must be
convenient and easy to use, reliable, and kept
fn go~d workfng order.

No particular passive system type emerges as
the best performer, Good thermal desfgn,
however, is essential.

Thp overa?l need for purchased energy is far
less than that of typfc.albufldfngs in all but
two of the 38 buildings !,!cludedfn Fig. 3.

Many valuable l!?ssonscan be learned from a
thorough review of monftored building J@ta.
Although not d,=!,ailed here, both positive and
negative factors, which could be reinforced or
solved by !wtter desfgn, are uncovered fn
virtua;ly every fnstance$

An important deficiency of mnnftorfnu +s the
detpr;{nation and repc;tfng of the q~ality of
the fnrloorenvironment created. Crxnfort
indices shnuld b~ g!ven. Also, llghtfng,
humidity, ambiance, a{l:l;~:lvcnfenccsho[ildbe
evaluatcdo
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Hunn house Trombe wall per-
formance, November 1, 1978, to
April 16, 1979. Relative to the
total fnciden+ solar radfation
;top of bar), the wall delivered
h.dt to the adjacent space (black
portfon) wfth a seasonal effi-
ciency of 20%. Transmittance
losses are 22% (could be reduced
by higher transmittance 91aZing),
night losses are 23% (could be
greatly reduced by night insula-
tion), and the conbined night and
day losses are 58% (could be re-
duced by low-loss glazfng or by a
selectfve surface).
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DeSuI~5 of the ~n$toring of s.ev~ral bufldings Ifstid in Table 1. The bars show seasonal energy (usually for 5 or 6
months) divided by the building f~~or area and the actual degree days for the season, calculated for a base +mperature
~c 18.3°C ~650r). The black portion of the bar denotes purchased enerqy; the portion below the bar is internal
e,lerg-y,and the black portfon abGve the bar is auxiliary heat. The total length of the bar is the total heat required
by the building. determined ~sicg the building heat load coefficient and the measured inside/outsl@ AT integral.
~LJS.,b~ subtraction, the fi$~ por~i~n of tie bar is the solar ener~ absorbed less any vented enr;~. The State in

uh:ch %e S;te is located :s indicatefi above the bar. The buildings are rank ordered according to ?NJXiliary heat.
Mote that %e tfan-op house had the themostat set at a TOWlevel: thus it cannot be fairly compared w~th the others.
%varal .]th~r hufldfrtas u+th low int~rna? heat were unoccupied but were thernmstatically controlled to normal levels... ---- ..-—- ..=.



TABLE I

FiXITCREDPASSIVESX.AR

Identification Location.—

~enver ,CO
Denver,CO
Denver,CO
Denver,CG
Denver,CO
Denver,CC
Denver,CO
Denver,CO
Denver,CO
Denver,CO
Denver,CC
Denver,CC
Hamilton,MA
Black Mt.,NC
Carrboro,NC
Edrrcnd,OK
Topsham,ME
Richmond,VA
Lincoln,NB
Orange,MP
Eau Claire,w”I
NewFort,VT
Tolland,CT
Marshficld,WS
E?iqFlats,NY
Frcderick,MD
Frederick,MD
Lon:mont ,Cfl
@a\rls,CA
Fuqer?c’,C)P
Tao: .NV
Iowa City,IO
Cir4Jlnati,011
Prr’:;cott,AZ
l’~]i(]th,MN
Santa Fe,Nk’
Lr,:”A]Jmos, NN
ro:;‘*l,~m,o$,NM

W*

D~

t)G
DG
SS/HY
SS,HY
DG/HY
DG
DG
SS/TW
DG
ss,’LG
~1

DG
TW/CG
lx
DG/HY
ss/lx
ww/fx
sS/Hy

ss/ffi
~/~~
m
ss,/x
DG
DG
PG
DG
ww/K
ww,/DG
ww/rx
wR/PG
DG/Wh
ss/HY
ss/liY
DE
ss/llY
TW/DG
h’R,/I K.:

NI

NI

NI

NI

NI

NI
NI

NI

NI

Nl
N1
NI
NI
NI
NI

Organi-
zat ion

Class B
Class B
Class B
Class B
Class B
Class B
Class B
Class B
Class B
Class P
Class B
ChSS B
Class B
Class B
Class B
Class B
Class B
Class B
Class R
Class B
~lass !3
Class B
Class B
C]ass B
NSDN
NSDN
NSE,N
NSDN
PISDN
NS l)N
NSDFI
NsDN
NSDN
NSPV
NSDN
1,()!. A]amos

I,os Alr?Iu(~fl
NI LOS Alcrrroi

Floor~ea
~z (ftz)

142 ( 1527)
241 ( 2590)
262 ( 2820)
157 ( 1684)
128 ( 1376)
174 ( 1873)
221 ( 2375)
121 ( 1298)
225 ( 2531)
126 ( 1360)
301 ( 3236)
166 ( 1784)
195 ( 2100)
86 ( 927)

152 ( 1632)
223 ( 2400)
143 ( 1540)
115 ( 1236)
260 ( 2800)
125 ( 1342)
168 ( 1812)
l~o ( 14~o)

188 ( 2028)
88 ( 946)

126 ( 1360)
149 ( 1600)
149 ( 1600)
173 ( 186.3)
158 ( 1700)
139 ( 1500)

1115 (120(30)

156 ( 1700)
149 ( 1600)

98 ( 1050)
232 ( 25’10)
181 ( 1950)
182 ( 195’))
101 ( lo9n)

Glazing Area
(f+:)~2 .

15 ( 161)
25 ( 254)
34 ( 365)
26 ( 279)
14 ( 149)
27 ( 286)
26 ( 284)
13 ( 140)
29 ( 307)
16 ( 167)
41 ( 426)
32 ( 339)
37 ( 403)
8( 88)

23 ( 244)
41 ( 440)
18 ( 193)
24 ( 261)
35 ( 380)
19 ( 208)
32 ( 343)
8( 89)

21 ( 224)
8( 86)

37 ( 403)
8( 84)

15 ( 160)
36 ( 382)
25 ( 273)
20 ( 210)

291 (3126)
26 ( 277)
32 ( 347)
39 ( 424)
5(J ( HE)
{II ( 4C7)
35 ( 171)
45 ( 479)

Ratio***

.11

.10

.13

.17

.11
15
:12
.11
.12
.12
.13
.19
19

:09
.15
18

:13
.21
.14
,15
.19
06

:11
.09
.30
.05
.10
21

:16
.14
.26
.16
.22
.4r
.?2
‘1.L

.19

.44

*,1,, ~,:; ,,*. C. :

,1 IYG, dir~~c’t- [Mhl; SS, SUIIS}k.1(1.; ~it ‘h~IdL’ will];

W, W.llc,r r(x)~,

**S’,:;t Im: wl(l) +xm, nrJ\~,I))l(I ni,,lht ins~)latlcm (It:+.i[p,!t(yl N1.

4AAILIi ill {>f Ih,t (11117,JII[I ,IICS31to [Ircw> f“l[xIk ~lr(hl.

Phil adclphla, Pennsylvania, Mdy 26-30, 1981. 15,
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